We investigate the gluonic probe to the nucleon-nucleon short range correlation (SRC) in nucleus through heavy flavor production in deep inelastic scattering (DIS). The relevant EMC effects of F cc 2 structure function will provide a universality test of the SRCs which have been extensively studied in the quark-channel. These SRCs can also be studied through the sub-threshold production of heavy flavor in eA collisions at the intermediate energy electron-ion collider, including open Charm and J/ψ (Υ) production.
INTRODUCTION
There have been renaissance interests to investigate the short-range nucleon nucleon correlation (SRC) of nucleus in recent years [1] [2] [3] [4] [5] [6] . The SRC describes the probability that the two nucleons are close in coordinate space, as a result of nontrivial nucleon-nucleon interactions in nucleus. Especially, the experiment efforts made at JLab have stimulated much of the research activities in the field. The connection between the SRC and the wellknown EMC effects in nuclear structure function measurements have been extensively investigated with compelling evidences [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Since the EMC effects concerns the parton distribution functions through short distance physics while the SRC represents the wave function information of nucleons inside the nucleus, this relation, if finally established rigorously, shall provide a unique method to study nuclear structure physics and help to answer the long standing quest to explore nuclear structure through the first principle of strong interaction QCD theory, see, for example, some of recent developments in Refs. [18] [19] [20] .
One of the key aspects of the connection between the SRC and EMC effects is the universality, where the partonic structure from the correlated nucleon-nucleon in the nucleus contribute to both phenomena [17] [18] [19] [20] [21] [22] [23] . Therefore, to fully establish the physics case of the connection, we need to build a rigorous test on the universality. In this paper, we propose a number of novel observables for this purpose, focusing on the gluonic channel. We will tackle this issue from two fronts, both through heavy flavor production. First, we will discuss the nuclear modification of the gluon distribution function in the EMC region. Heavy flavor production in DIS is sensitive to the gluon distribution, and the nuclear modification will provide crucial information on the gluon distribution in nucleus. This can be studied by measuring the charm-structure function: F cc 2 and F cc L . We will demonstrate the sensitivities for an intermediate energy EIC (IEEIC), where the main kinematic focuses are in the EMC region, i.e., 0.3 < x < 0.7 [24] . Meanwhile, the nuclear modification for the gluon distribution has been a subject for decades' study, and has been widely applied in high energy processes [25] [26] [27] [28] [29] [30] . The measurements at the future IEEIC and the EIC [31] will provide an important contribution to constrain the gluon distribution in nucleus.
Second, we propose to study the SRC through the subthreshold heavy flavor production. This can be done by measuring either open Charm or Charmonium production in eA collisions below the ep threshold. This is similar to the structure function measurements beyond x B ∼ 1.
Together with the quark sector study, the gluonic probe provides an important test of the universality of the SRC. In addition, because of the isospin symmetry, the nuclear modification can be derived directly without considering the isospin dependence as that for the quark sector. This shall provide a crucial way to disentangle different methods, for example, to extract the nuclear EMC effects [32, 33] .
The rest of this paper is organized as follows. We first study the charm structure function and the nuclear effects in the EMC region. We apply the EPPS16 parameterization for the gold nucleus and demonstrate the sensitivity to study the EMC effects in the gluonic channel. To illustrate the universality feature, we show the nuclear modification on the Charm structure function measurements for different nuclei based on the universal SRC contributions. The associated nuclear modifications become identical when divided by the SRC factor, similar to that have been shown in the structure function measurements [17, 23] . We then study the sub-threshold production of heavy flavor in eA collisions, taking the example of J/ψ production. We follow recent developments in both theory and experiment of near-threshold J/ψ production and make a model to estimate the sub-threshold production of J/ψ production in eA collisions. The ratio of the nuclear cross sections in this region can be used to study the universal SRC. This can be straightforwardly extended to Υs and open Charm and Bottom production. This composites into a class of universality test for the SRC. Finally, we summarize our paper and comment on the future developments.
According to the universality of the SRC, we can parameterize the nuclear gluon distribution in the EMC region as that for the structure function [18, 21, 23] ,
where n src represents number of np pair in nucleus A. In the above equation, we have applied the charge symmetry between the gluon distributions in the proton and neutron, i.e., g p (x, Q 2 ) = g n (x, Q 2 ) (see, for example, experimental measurement of this in Ref. [34] ), and δg(x, Q
2 ) represents the difference between the gluon distribution in the proton-neutron pair in the SRC and the free nucleon. In practive, we can also parameterize nuclear modification of the gluon distribution in term of the gluon distirbution in a free nucleon,
and from this, we have
The universality of the SRC contribution leads to a universal function in the left hand side of the above equation, meaning that the right hand side does not depend on the type of nucleus. Therefore, we can parameterize the gluon distribution in nucleus A in terms of that in B,
where a 2 is defined as a
) and represents the SRC ratio of nucleus A respect to that of deuteron. In the literature a A 2 is also labeled as a 2 (A/d). This ratio can also be measured through the nuclear structure function beyond x B ∼ 1 region [9] [10] [11] [12] .
Similar to Ref. [31] , we compute the reduced cross section for Charm structure functions,
where F 2 and F L are Charm structure functions depending on the gluon distribution functions. In our numeric calculations, we apply the leading order perturbative results to illustrate the main physics sensitivities at an IEEIC. For the typical kinematics of Q 2 ∼ 10GeV 2 and x ∼ 0.1 we find that the reduced cross section for ep is about 10 −3 which corresponds to a total cross section of 10 4 fb/GeV 2 at the kinematics of an EIC in China (EicC) [24] . This shows that the EicC has a great potential to explore the nuclear EMC effects for the gluon distributions.
From the cross sections for ep and eA collisions, we can evaluate the nuclear modification,
As an example, in Fig. 1 we show the above ratio for the gold nucleus, where we follow the EPPS16 parameterization [25] to illustrate the sensitivity. Notice that we do not have strong constraints on the gluon EMC effects from previous experiments. Therefore, the parameterizaztion from EPPS16 is only for illustration purpose. From this plot, we find that the nuclear factor 1.1 to 0.8 in the range of x B = 0.1 − 0.4. It is important to note that the actual momentum fraction carried by the gluon is larger than x B . This can be estiamted as x ≈ x B τ with τ = (1 + 4m 2 c /Q 2 ). Therefore, the real EMC region is from 0.15 to 0.35 in this plot.
To investigate the universality of Eq. (3), we need to explore different nuclei. For this, we parameterize the gluon distribution functions in two nuclei with different SRC factors: a A 2 = 4 and 2, and compute the R cc A ratios accordingly. We have plotted these ratios in Fig. 1 as well. Future studies of these nuclear modification factors in the kinematics of Fig. 1 will provide a universality test of the SRC.
This universality is better illustrated if we normalize the nuclear modification factors by the respective SRC factors [17, 23] . For that, we plot [R We would like to emphasize that the above studies are based on a leading order picture. Although we expect the above simple and intuitive picture will not change dramatically with higher order corrections, it will be interesting to see how the next-to-leading order computations will affect the universal behavior of the lower panel in Fig. 1 . In terms of constraining the gluon distribution in nucleus, the measurements from the future IEEIC shall provide complementary information to that from an EIC [31] .
SUB-THRESHOLD HEAVY FLAVOR PRODUCTION AT JLAB AND EIC
The near threshold J/ψ production in γp collisions has gained tremendous attentions in the last few years. One focus in these studies [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] is that it may provide important information on the proton mass decomposition [45] . At an EIC, we can also study the nuclear modification of the cross section near the threshold. It is more interesting to investigate the so-called sub-threshold J/ψ production in γA collisions. The sub-threshold is a kinematic region that the individual γp collisions can not produce J/ψ, however, it is kinematically allowed to produce J/ψ in γA collision. An important contribution is the SRC contributions, which is very similar to the case of the nuclear structure function beyond x B ∼ 1.
Similar to the previous case, we have the following expression for J/ψ production in γA process,
where W γp = √ s γp represents the center of mass energy of γp and we have limited to two-body SRC. Again, we have applied the isospin symmetry to simplify the cross section calculations. We have also neglected the nuclear absorption correction for J/ψ production (order of few percents) [46] , which could lead to suppression for both terms in the above equation.
If the γp center of mass energy is below the J/ψ-threshold, the only contribution comes from the γ(pn)-term in the above,
where have used M pJ/ψ = M p +M J/ψ to denote the total mass of J/ψ and proton. Therefore, in the sub-threshold region, the cross section ratios between different nuclei will not depend on the collision energy,
where we have included a nuclear absorption corrections to J/ψ production cross section and defineσ γA→J/ψ = σ γA→J/ψ /R A abs. for both A and B targets. In γA collisions, the short-distance produced J/ψ could interact with other nucleons inside the nucleus, and results into a suppression (order of a few percents) [46] . In particular, if we take B-target as the deuterium, the above ratio will be the same as the structure function ratio beyond
The latter ratios have been measured at previous DIS experiments with nuclear targets. The future measurements of the sub-threshold J/ψ production will prove the universality of the SRC in these nucleus targets. To estimate the cross sections for the sub-threshold production, we introduce the so-called energy fraction
Eγ [40] , where E γ is the photon energy in the nucleus rest frame. The threshold limit of γp → J/ψ + p corresponds to χ γ → 1 limit. Therefore, we can apply a simple power behavior of (1 − χ γ ) for the near threshold J/ψ production,
where σ 0 = 11.3 nb and β = 1.3 to represent the threshold behavior 1 . This gives a very good description of previous experimental data [47] [48] [49] in the near threshold region, and especially the very recent data from GlueX collaboration at JLab [49] . It is also consistent, at least near the threshold region, with the calculation based on the AdS/CFT correspondence [43, 44] . Going to the case of γ(pn) → J/ψ, we argue the basic formula remain and we may just only need to change the χ γ ,
where we have used two-nucleon mass to represent the threshold kinematics. Therefore, we assume the SRC cross section can be written in the same form,
Because at higher energy (1 −χ γ ) becomes (1 − χ γ ), we further assume that σ γ(pn) 0 = 2σ γp 0 . For the threshold behavior, σ γ(pn)→J/ψ may be different from σ γp→J/ψ , we will estimate the contributions for a wide range of β 2 = n 2 β where n 2 in the range of 1 − 3.
FIG. 2.
Threshold and sub-threshold J/ψ production in γp and γA collisions.
In Fig. 2 , we plot the near threshold and sub-threshold J/ψ production cross sections in γp and γA collisions, respectively, based on the above formulas. For illustration purpose, we applied n 2 = 2 and 3 for γA case. A number of corrections need to be taken care in the future. First, the nuclear absorption effects, which not only affect the above assumption, but also the individual terms in Eq. (7). Second, the functional form may be totally different for the SRC contribution as compared to the γp cross section. Nevertheless, this provides a rough estimate, and we emphasize future measurement will definitely help us to understand the SRC cross section 2 . In addition, if we can accumulate enough events in the sub-threshold J/ψ production, we may utilize the unique opportunity to explore the differential cross section respect to the momentum transfer dσ/dt. This will help to identify the SRC configuration, for example, the spatial size of the (pn) pair in the nucleus.
In Fig. 2 , we have neglected the nuclear absorption corrections for J/ψ production cross sections in γA collisions. This can be completely avoided if we study open Charm production in the sub-threshold region. All of the above discussions can be extended to this process and other heavy flavor production processes, including Υs and open Bottom productions. Therefore, the universality of SRC implies that we have the following predictions,
For both J/ψ and Υ, we have included a nuclear absorption correction factor in the cross sections. This is a powerful prediction and can be tested in future experiments at JLab and IEEIC. In addition, the comparison between open Charm and Charmonium productions in the sub-threshold region shall provide useful information on the nuclear absorption effects for J/ψ. This information, in return, will help to reveal the nucleon-J/ψ interaction and the trace anomaly contribution to the proton mass [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] .
There has been an interesting proposal to study the SRC through exclusive J/ψ production in electrondeuteron scattering process at the EIC [51] : e + D → e + J/ψ + p + n, where a deuteron target disintegrates into a proton and a neutron with large relative momentum in the final state. The mechanism is very different from ours discussed above. The comparison between these two shall provide useful information on the underlying physics of the SRC in nucleus and their contributions to heavy flavor productions.
CONCLUSION
In summary, we have studied the gluonic probe to the nucleon-nucleon short range correlation in nucleus at JLab and future intermediate energy EIC. Nuclear modification of the gluon distribution can be extensively investigated through the Charm structure function in the EMC region. Predictions based on EPPS16 and the universality argument have been presented.
Furthermore, we have shown that the SRC can be explored through the subthreshold production of heavy flavor in γA collisions at JLab and intermediate energy EIC. In particular, the universality of the SRC predicts that the ratio of the nuclear cross sections can be directly linked to those measured in DIS structure functions.
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